Performance evaluation is the important approach for enterprises to give incentive and restraint to their operators and it is also an important channel for enterprise stakeholders to get the performance information. The purpose of this study is to analyze current evaluation system for Taiwan Financial Holding Companies. This research tries to measure the performance on thirteen financial holding companies in Taiwan for the period 2003 to 2009. The result presented the proposed method is practical and useful. Also the study result represented that the combined method had certain scientific and rationality. The evaluation model indicates that this method be more reasonable and easier to grasp than other methods. As a result, it is easier to popularize this evaluation method in enterprises. The study thus presents a complete assessment model that helps managers to identify items for improvement, while simultaneously promoting cost and time efficiencies in financial Holding Companies.
INTRODUCTION
Performance evaluation is a necessary and beneficial process, which provides annual feedback to company about job effectiveness and efficiency. The performance evaluation and optimal design of weapon systems are multiple criteria decision making problems (Paradi and Schaffnit, 2004) . In order to compete in today"s competitive environment, many organizations have recognized benchmarking as being of strategic important in the drive for better performance and commitment to achieving a competitive advantage (Wu et al., 2006) . Currently, the performance evaluation have already become the important means of investigating employee's performance; performance evaluation could contribute to the realization of a business" target, exaltation of business performance and improvement of employees" behavior, promotion of ability. Over the past few decades, performance analysis has received significant attention. Many studies have investigated the method about performance evaluation (Chalasani and Sounderpandian, 2004; Wynn-Williams, 2005; Gleich et al., 2008; Maiga and Jacobs, 2004; Wu et al., 2010) . Some literatures identified the different key performance indicators, including tangible and intangible aspect (Mukherjee et al., 2002; Chin et al., 2001; Himes, 2007; Jones and Kaluarachchi, 2008; Welch and Mann, 2001; Wainwright et al., 2005; Robson and Prabhu, 2001) . It is essential for the application of performance measurement that a company"s tangible and intangible targets are defined in a way that is more appropriate to the requirements and objects of this targets and that its strategy is more extensively operationalized, quantified and linked in a mutually supplementing way.
Accurate business performance evaluation is a key to success for enterprises. The performance evaluation and optimal design of weapon systems are multiple criteria decision making problems (Paradi et al., 2011) . In order to compete in today"s competitive environment, many organizations have recognized benchmarking as being of strategic important in the drive for better performance and commitment to achieving a competitive advantage. The problem of the complexity of performance evaluation makes the development and the application of standard models more difficult, while at the same time actually presents a motivation for the development of new, more flexible models, which, again, can be adapted to specific interest positions of those who compare the alternatives.
In this paper we apply a new approach based on frontier production function to research the productivity growth of financial holding companies Performance in Taiwan. The research framework is that of data envelopment analysis (DEA). DEA is a nonparametric method in operations research and economics for the estimation of production frontiers. It is used to empirically measure productive efficiency of decision making units. There are also parametric approaches which are used for the estimation of production frontiers.
Under such a competitive environment, port performance measurement is not only a powerful management tool for port operators, but also constitutes a most important input for informing regional and national port planning and operations. Kumbhakar and Lovell (2000) stated that cross-sectional data provide a snapshot of producers and their efficiency and panel data provide more reliable evidence on their performance, because they enable us to track the performance of each producer through a sequence of time periods. In order to overcome this potential problem associated with an analysis based on cross-sectional data, in this paper, DEA window analysis is, for the first time, applied to the port industry to deduce efficiency trends. Then, this paper continues conduct Malmquist productivity index (MPI) to estimate technological changes. MPI is defined using nonparametric distance functions, which determine how far a firm is from its optimal production given the observed output and applied input. MPI can decompose the productivity growth into two mutually exclusive components: technical efficiency change and technical change overtime, which measures the change in efficiency frontier shift, respectively (Froot and Klemperer, 1989 ).These are: (i) technical efficiency change (E); (ii) technological change (P); (iii) pure technical efficiency change (PT); (iv) scale efficiency change (S); and (v) total factor productivity (M) change.
DATA ENVELOPMENT ANALYSIS (DEA) MODEL
DEA is a mathematical linear programming, approach based on the technical efficiency concept, it can be used to measure and analyze TE of different entities: productive and non productive, public and private, profit and nonprofit seeking firms (Hsiao et al., 2010) . The main advantages of DEA that makes it suitable for measuring the efficiency of vehicle inspection agencies are: (i) it Sun 10509
allows the simultaneous analysis of multiple outputs and multiple inputs, (ii) it does not require an explicit a priori determination of a production function, (iii) efficiency is measured relative to the highest observed performance rather than against some average and (iv) it does not require information on prices (Odeck, 2000) . Since the financial holding companies in Taiwan are part of the public sector where economic behavior is uncertain and there is no price information on the services produced, the window analysis and Malmquist productivity index based on DEA approach is well suited for productivity measurement in this sector. It is a non-parametric approach that calculates efficiency level by doing linear program for each unit in the sample. DEA measures the efficiency of the decision-making unit by the comparison with best producer in the sample to derive compared efficiency.
As we have seen, DEA is based on TE concept whose Equation (1): (1) Mathematically, we can express the stated relation by the following Equation (2) To measure TE for DMU k by using linear program, the following problem must be solved which is Equation (3):
Where TE is either maximizing outputs from given inputs, or minimizing inputs for a given level of outputs. The above problem cannot be solved as stated because of difficulties associated with nonlinear (fractional) mathematical programming. Charnes et al. (1978) have
developed a mathematical transformation which converts the above nonlinear programming to linear one.
Modified linear programming by the following Equation (4):
Window analysis
Based on rule of thumb, the number of DMU k should be greater than double the sum of inputs and outputs. In order to overcome the constraint of limited DMU k in this study, the Window Analysis Method proposed by Charnes et al. (1978) is adopted. Windows analysis is a time dependent version of DEA. In order to capture the variations of efficiency over time, Charnes et al. (1978) proposed a technique called "window analysis" in DEA. Window analysis assesses the performance of a DMU k over time by treating it as a different entity in each time period. This method allows for tracking the performance of a unit or a process.
The basic idea is to regard each DMU k as if it were a different DMU k in each of the reporting dates. Then each DMU k is not necessarily compared with the whole data set, but instead only with alternative subsets of panel data. The windows analysis is based on the assumption that what was feasible in the past remains feasible forever, and that the treatment of time in windows analysis is more in the nature of an averaging over the periods of time covered by the window (Tulkens and van den Eeckaut, 1995) . DEA is initially used to analyze cross-sectional data, where a given DMU k is compared with all other DMU k that produce during the same time period and where the role of time is ignored. However, this can be rather misleading since a dynamic context may give rise to seemingly excessive use of resources that are intended to produce beneficial results in future periods. As such, panel data prevail over cross-sectional data in that not only do they enable a DMU k to be compared with other counterparts, but also because the movement of efficiency of a particular DMU k can be tracked over a period of time. In so doing, panel data are more likely to reflect the real efficiency of a DMU k .
We briefly introduce the meaning of window analysis.
Assume there are N alternatives, , and each alternatives has data for period 1 to , . The window length is fixed to be K, the data from period will form the first row, and the data from period will form the second row, and so on. One more periods on the right will need to be shifted, and a total of window rows exists. (Chung et al., 2007) .
The average efficiency of alternative is obtained by the following Equation (5):
The variance among efficiencies of alternative , , is calculated by the following Equation (6): (6) The variance of efficiency reflects the fluctuation of efficiency values for each alternative. If an alternative has a higher average efficiency and small variance, its ranking can be higher compared to other alternatives. Column range, , can be used to compare the fluctuations of efficiencies among the alternatives. In each alternative, because the data of the first period and last period are being analyzed in only the first and the M-K+1 window only one efficiency value is obtained for each of the two windows, the efficiencies in the first and last periods will not be included in the calculation of values. For the other periods, the data of each alternative is used at least twice and at least two efficiency values are available for calculating CR values.
is the difference between the largest and the . .
CR smallest efficiencies for alternative in period m by the following Equation (7): (7) can be used to evaluate the stability of efficiency of an alternative in each period. Then, is the overall column range for alternative , and it shows the greatest variation in efficiency of an alternative over different periods by the following Equation (8):
Finally, in order to understand the stability of an alternative over different periods, we can use total range to evaluate it. Total range is the difference between the maximum and minimum efficiency values of alternatives in all windows. The total range ( ) for alternative is Equation (9): (9) Window analysis of DEA has been adapted in many academic fields, such as industry analysis. Carbone (2000) explains how window analysis can be used in a semiconductor manufacturing environment to identify areas of best practice within a fabricator. Cullinane et al. (2004) apply DEA Windows analysis to container port production efficiency. Chung and Hwang (2005) use window analysis to evaluate Taiwan"s bulk shipping firms" performance. Shahooth and Battall (2006) use data envelopment analysis and window analysis in measuring and analyzing the relative cost efficiency of 24 Islamic banking institutions. Chang et al. (2007) applied window analysis to analyze dynamical efficiencies of Taiwan"s TFT-LCD firms for the period from 2001 -2005.
Malmquist productivity indexes (MPI)
The were developed by Caves et al. (1982) based on the distance functions developed by Malmquist (Caves et al., 1982; Fethi and Pasiouras, 2010) . Färe et al. (1994) decomposed the productivity growth into two mutually exclusive components: Technical efficiency change and technical change overtime, which measures the change in efficiency frontier shift, respectively (Froot Sun 10511 and Klemperer, 1989) . The MPI expressed in DEA efficiency measures is defined as the ratio of the efficiency measures for the same production unit in two different time periods or between two different observations for the same period (Lin et al., 2009; Odeck, 2000) . The study uses DEA approach outlined by Färe et al. (1994) to construct the best-practice frontier for thirteen financial holding companies in Taiwan.
The MPI for any unit between a period of 0 and 1 with frontier technology of period as a reference, , can be calculated by using DEA measures obtained by solving the LP-problems (Odeck, 2000) , which is Equation (10): (10) The is the frontier technology, is the input (output) efficiency measure for a unit observed in period 0 and is input (output) efficiency for the same units observed in period 1 with technology
. The index,
, shows the relative change in technical efficiency, and represents the time period for them DMU k . Malmquist productivity indexes are based on nonparametric-parametric approach, which can capture the productivity change in economic growth using specific production function. The mathematics concept is borrowed from Odeck (2000) . The denominator shows the proportional adjustment of the observed input vector of the unit in period 1 for observed outputs to be on the same frontier function. The denominator is always between 0 and 1, while the numerator can be greater than 1. It follows that when > 1, then productivity has increased. If < 1 then the productivity has decreased and if =1 then productivity is unchanged. This holds irrespective of the reference technology (Odeck, 2000) . Then, we can transform mathematics concept into a diagram, which is shown in Figure 1 . The first year is t 0 , and the second year is t 1 . The model included one input variable ( ) and one output variable (y). In the first year t 0 , unit K 0 is observed with the combination , the corresponding benchmark units on the frontier are and . The efficiency measures and are equal to the ratios and . Therefore, the MPI can be written as Equation (11) which indicates that the MPI is the change in productivity between the two periods:
Figure 1. The MPI and its components (Odeck, 2000) .
In relation to Figure 1 , the MPI can be decomposed into two parts, the first is the technical efficiency change (E) and the second is technological change (P), which is Equation (12): (12) Using these models, and the Fare et al. (1994) approach, it is thus possible to provide four efficiency/productivity indices for each firm and a measure of technical progress over time. These are: (i) technical efficiency change (E) (that is relative to a constant returns-to-scale technology); (ii) technological change (P); (iii) pure technical efficiency change (PT) (that is relative to a variable returns-to-scale technology); (iv) scale efficiency change (S); and (v) total factor productivity (M) change. Recalling that M indicates the degree of productivity change, then if M > 1 then productivity gains occur, whilst if M < 1 productivity losses occur. Regarding changes in efficiency, technical efficiency increases (decreases) if and only if E is greater (less) than one. An interpretation of the technological change index is that technical progress (regress) has occurred if P is greater (less) than one. An assessment can also be made of the major sources of productivity gains/losses by comparing the values of E and P. If E > P then productivity gains are largely the result of improvements in efficiency, whereas if E < P productivity gains are primarily the result of technological progress. In addition, an indication of the major source of efficiency change can be obtained by recalling that overall technical efficiency is the product of pure technical efficiency and scale efficiency, such that E = PT × S. Thus, if PT > S then the major source of efficiency change (both increase and decrease) is improvement in pure technical efficiency, whereas if PT < S the major source of efficiency is an improvement in scale efficiency.
There are many different research applied MPI to evaluate the cross-period efficiency. Worthington (1999) employed MPI productivity growth which is decomposed into technical efficiency change and technological change for two hundred and sixty-nine Australian credit unions. Odeck (2000) used MPI to analyze efficiency and productivity growth of the Norwegian Motor Vehicle Inspection Agencies for the period 1989 to 1991. Zheng et al. (2003) investigated the productivity performance of SOEs using data envelopment analysis and a MPI based on a sample of about 600 state enterprises from 1980 to 1994. Chen and Ali (2004) proposed a new approach which not only reveals patterns of productivity change and presents a new interpretation along with the managerial implication of each Malmquist component, but also identifies the strategy shifts of individual DMU k based upon isoquant changes. Pastor and Lovell (2005) propose a global MPI and that give a single measure of productivity change. Zelenyuk (2006) found a theoretically justified method of aggregating MPI over individual decision making units into a group MPI. Wei et al. (2007) used MPI decomposition to investigate energy efficiency of China"s iron and steel sector during the period from 1994 to 2003. Liu and Wu (2007) used MPI to analyze the total factor productivity change in China"s logistics industry with panel data of logistics listed corporation from 1999 to 2006. Liu and Wang (2008) change and technological change, by means of data envelopment analysis applied to the hydroelectric energy generating plants of EDP -the Portugal Electricity Company. Rezitis (2008) investigate the effect of acquisition activity on the efficiency and total factor productivity of Greek banks.
RESEARCH DESIGN
We further propose our research framework and describe our variable measurement and sample selection.
Research framework
This research tries to measure the performance on thirteen financial holding companies in Taiwan for the period 2003 to 2009 ( Figure  2 ). The outputs to the model are two well known measures of overall performance: total stockholders' equity and net sales determines the relative efficiencies of the first tier industries in our sample in using the two inputs, total assets, number of employees and operating expense, to generate the two outputs. This allows identification of efficiency differentiators, which proves very useful for inefficient industries because it allows them to spot their weaknesses and improve performance. This study applies the DEA approach to reveal the extent to which inputs can be augmented while maintaining the same level of outputs. We employ window analysis to find out the long-term effectiveness in productivity. Finally, we adopt the MPI to identify the major source of productivity growth and separate the catching effect from efficiency changes over time due to technological advancements by using MPI. This study uses a DEA model to establish a foundation for measuring the efficiency of thirteen financial holding companies in Taiwan.
Variable measurement and sample selection
Frontier models require the identification of inputs (resources) and outputs (transformation of resources). Several criteria can be used in their selection. The first of these, an empirical criterion, is availability. Secondly, the literature survey is a way of ensuring the validity of the research and thus represents another criterion to be taken into account. The samples of this research are thirteen financial holding companies in Taiwan, which are Hua Nan, Fubon, Cathay, China Development, E. Sun, Yuanta, Mega, Taishin 
EMPIRICAL RESULTS
Our study only developed a performance evaluation system of Taiwan financial holding companies. Here, we conduct the correlation analysis, window analysis and Malmquist productivity indexes analysis. In this study, 13 financial holding companies" listed companies were selected as the study samples. The financial data used in the study were derived from the Taiwan Economic Journal Database. The tools used in data processing and analysis are EXCEL2003, DEAP 2.1 and SPSS Statistics16.0.
Correlation analysis
A remark concerns the "isotonicity" relations which are assumed for DEA and involves when an increase in any input does not result in a decrease in any output. Consequently, the values of some factors may have to be inverted before they are entered into the analysis (Charnes et al., 1978) . This study applies coefficient of correlation (r) to test the "isotonicity". The correlations of the input/output data (correlation ratio) are show as To deal with the problem of unfair comparisons occurring when including all 7 years in the same analysis, we suggest using a window rather than a panel data approach, with a window width of 3 years. This means that observations are only compared to other observations within a 3-year time span. The scores for an industry in different years within the same window show how the efficiency of an industry changes from one year to another. The column view shows the efficiency for the same year but measured against different windows, and illustrates the impact of changing the units used to generate the frontier. We can get the values of mean, standard deviation, column range and total range from the window analysis result.
According to the value of mean, we can understand the long-term effectiveness in productivity. The variance of efficiency reflects the fluctuation of efficiency values for each alternative. Column range, , can be used to compare the fluctuations of efficiencies among the alternatives. In order to understand the stability of an alternative over different periods, we can use total range to evaluate it. Total range is the difference between the maximum and minimum efficiency values of alternatives in all windows.
The information in Table 2 can be used to compare the performance of the different Financial Holding Companies as illustrated in Figure 3 . Figure 3 shows the average efficiency score for the different financial holding companies for each window in the analysis. Observing the average efficiency values, China Development Financial holding company is the highest with a mean of 0.974, followed by Cathay Financial holding company and Fubon Financial holding company. On top of that, Hua Nan Financial holding company has the lowest standard deviation of 0.029. Regarding the CR value, the best financial holding company is First financial holding company, and the second best is Hua Nan financial holding company. Hua Nan financial holding company also has the best TR value of 0.093, followed by Taishin financial holding company and E. Sun financial holding company.
We conduct DEA Malmquist productivity approach to identify the major source of productivity growth and separate the catching effect from efficiency changes over time due to technological advancements. The DEA Malmquist productivity approach shows that in-depth information can be obtained by analyzing each individual component of MPI. Such analyses are sometime very critical in capturing an industry"s performance comprehensively. Through an analysis of the components of the, we reveal the managerial implication of each component. The results from these analyses are then further examined using the MPI approach and its decomposition. Hence we saw the separation of the catching up effect from the frontier shift and we clearly observed how the frontier shift is the determinant for productivity growth, with the catching up being neutral or negative depending on the assumptions used. From the results of MPI, we know that industrial industrialist not only enhance their 
Malmquist productivity indexes analysis
Malmquist indices for the period 2003 to 2009 are presented further for the sample of thirteen financial holding companies in Taiwan. Using this information, two primary issues are addressed in our computation of Malmquist indices of productivity growth over the sample period. The first is the measurement of productivity change over the period. The second is to decompose changes in productivity into what are generally referred to as a "catching-up" effect (efficiency change) and a "frontier shift" effect (technological change). In turn, the "catching-up" effect is further decomposed to identify the main source of improvement, through either enhancements in technical efficiency or increases in scale efficiency (Worthington, 1999) . DEA allows for the estimation of total productivity change in the form of the Malmquist index. The results are presented in Table 3 , with the Malmquist index, denoting total productivity change, is broken down into technically efficient change (the diffusion or catch-up component) and technologically efficient change (the innovation or frontier-shift component). Moreover, we break down technically efficient change into pure efficient change and scale-efficient change. The thirteen financial holding companies in Taiwan are ranked according to the results of column 5. In Table 2 , we can see that the total productivity change score (the MPI presented in column 5) is higher than one for almost all periods, except for 2003/2004 and 2004/2005 , showing that a large proportion of the thirteen financial holding companies in Taiwan experienced gains in total productivity in the six periods considered. The mean MPI is 0.995, which, since it is lower than one, signifies that for the thirteen financial holding companies in Taiwan, total productivity decreased from 2003 to 2009.
In Table 4 , we can see that the total productivity change score (the MPI presented in column 5) is higher than one for Cathay, China Development, Yuanta, Taishin, Shin Kong, and Chinatrust, showing that a large proportion of the three industries experienced gains in total productivity in the period considered. The mean MPI is 0.994, which, since it is lower than one, signifies that for the six high-tech Industries, total productivity decreased from 2003 to 2009. The change in the technical efficiency score (column 1) is defined as the diffusion of best-practice technology in the management of the activity and is attributed to investment planning, technical experience and management and organization in the thirteen financial holding companies in Taiwan. For the period under analysis, we can see that it is higher than one for Hua Nan, Cathay, China Development, Yuanta, Taishin, Shin Kong, Waterland, Chinatrust, and First, signifying that there was an increase in technical efficiency in the period. However, for Fubon, Sun, Mega and SinoPa, the change in technical efficiency is lower than one, signifying that there was a regression in this respect in the period. The breakdown of the score for the change in technical efficiency into pure technical efficiency change (column 3) and scale-efficiency change (column 4) shows mixed results, with some plants obtaining simultaneous gains in both areas and others obtaining gains in one, but losses in the other. The improvement in pure technical efficiency, which signifies an improvement in managerial skills, shows that there was investment in organizational factors associated with the management of plants, such as a better balance between inputs and outputs, best-practice initiatives, more accurate reporting, an improvement in quality, and so on. The scale efficiency, which is the consequence of size, increases in the period for many plants, due to the increase in capacity utilization (Barros, 2008) . It is important to note that the mean amount of technical efficiency improvement is 1.007 (mean), the mean value of pure technical efficiency change is 1.007 and the mean value of scale-efficiency change is 0.999. This is a relatively low improvement in efficiency.
Technological change (column 2) is the consequence of innovation, which is the adoption of new technologies, by best-practice hydroelectric plants (Barros, 2008) . Its mean value is 0.989, and this index is lower than one for thirteen financial holding companies in Taiwan. The value of Technological change is larger than one for Cathay, 
Conclusion
The performance is the "accomplishment" and "efficiency". The accomplishment means the exterior efficiency of the business, the efficiency means circulate level of business inner part (Neely et al., 1995) . How to evaluate the performance scientifically and reasonably, and establish the performances evaluation model, have become the core contents of performances evaluation. Performance evaluation is the important approach for enterprises to give incentive and restraint to their operators and it is also an important channel for enterprise stakeholders to get the performance information (Luo, 2003) . The study analyzes the operation efficiency of thirteen financial holding companies in Taiwan for the period 2003 to 2009. The study has indicated how DEA approach is used to identify individual year that are less efficient that other comparable year in terms of output factors relative to input factors (Staub et al., 2010) . The most recent style in measuring efficiency is data envelopment analysis, which is a linear program approach based on this concept. Data envelopment analysis measures the efficiency of decision making units by doing linear program for each in comparison to other units. Accordingly, the decision making units lie on frontier curve is efficient in choosing the optimal mixture of inputs to achieve the aimed level of outputs. Besides we make use of data envelopment analysis to advise inefficient units by doing certain change in inputs and /or outputs to improve their efficiencies. This paper applies DEA Windows Analysis in order to determine the efficiency of the thirteen financial holding companies in Taiwan for the period 2003 to 2009 over time. This approach is advocated in favor of the commonly used cross-sectional data analysis. We have shown how this approach enables the calculation of efficiency scores even for a small number of different units and a fairly large number of variables. We can use DEA window analysis to evaluate the efficiency of different industries under a long term and obtain a best industry that is relatively more efficient for performance. The issue of how same period efficiencies should be defined in a window analysis was discussed and illustrated empirically. In a situation which industries has made a recent investment to achieve beneficial results in the future, or simply just as a result of random effects, the traditional cross-sectional approach may produce misleading results. This study concludes that the efficiency of the different industries can fluctuate over time to different extents. Observing the average efficiency values, China Development Financial holding company is the highest with a mean of 0.974, followed by Cathay Financial holding company and Fubon Financial holding company. On top of that, Hua Nan Financial holding company has the lowest standard deviation of 0.029. Regarding the CR value, the best financial holding company is first financial holding company, and the second best is Hua Nan financial holding company. Hua Nan financial holding company also has the best TR value of 0.093, followed by Taishin financial holding company and E. Sun financial holding company. In consequence, this validates the necessity for using DEA windows analysis in preference to an analysis based upon cross-sectional data.
Then, we conduct DEA Malmquist productivity approach to identify the major source of productivity growth and separate the catching effect from efficiency changes over time due to technological advancements. The DEA Malmquist productivity approach shows that indepth information can be obtained by analyzing each individual component of MPI. Such analyses are sometime very critical in capturing an industry"s performance comprehensively. Through an analysis of the components of the MPI, we reveal the managerial implication of each component. The results from these analyses are then further examined using the MPI approach and its decomposition. Hence we saw the separation of the catching up effect from the frontier shift, and we clearly observed how the frontier shift is the determinant for productivity growth, with the catching up being neutral or negative depending on the assumptions used. From the results of MPI, we know that industrial industrialist not only enhance their managerial skills but also increase and improve innovative performance and upgrade technology level.
Our work not only provides a good method to evaluate Financial Holding Companies, but also establishes the foundation to study performance evaluation method for Financial Holding Companies more deeply. In the future work, we will promote the performance evaluation model and put forward a more reasonable criteria weight model to improve evaluation efficiency and veracity for Financial Holding Companies. There are two extensions to this study can be undertaken. First, although the input side of the DEA model considered all relevant input dimensions in our industry, the output side bears re-examination. Our study only considered two industry performance measures (namely, number of patents and annual sales) due to certain limitations in the sample size associated with DEA implementation. Future studies should consider a more extensive set of business performance measures. Of particular interest would be a DEA model incorporating market-oriented measures such as market share and sales growth. Second, in evaluating the relative efficiency scores using DEA, we did not restrict any input or output weights. This may affect the results if certain input or output measures are more important than others. In future research, it may be interesting to identify such weights to reflect relative importance and integrate them into the analysis. This would provide more robust results and conclusions. 
